(19) 



J 



(12) 



EuropSisches Patentamt 
European Patent Office 
Office europten des brevets (1 1 ) 

europAische patentschrift 



lllllllllllllilllllllllllilili 



EP 0 655 926 B1 



(45) VerOffentlichungstag und Bekanntmachung des 
Hinweises auf die Paterrterteilung: 
28.01.1998 Patentblatt 1998/05 

(21) AnmeWenummer: 93917719.2 

(22) Anmeldetag: 02.08.1993 



(51) Int. Ci.^: A61 K 38/00, C07K 2/00. 

C07K4/00, C07K 14/00, 
C07K 16/00 

(86) Internationale Anmeldenummer: 
PCT/EP93/02051 

(87) Internationale VerOffentlichungsnummer: 
WO 94/03196 (17-02.1994 Gazette 1994/05) 



(54) NEUE SONDE ZUR TUMORDIAGNOSTIK ODER TUMORTHERAPIE 

NEW TUMOR DI/\GNOSING OR THERAPEUTICAL PROBE 

NOUVELLE SONDE UTILISEE POUR DIAGNOSTIQUER OU TRAITER DES TUMEURS 



(84) Benannte Vertragsstaaten: 

AT BE CH DE DK ES FR GB IE IT LI NL SE 

(30) Prioritat: 03.08.1992 DE 4225569 

(43) Ver6ffentlichungstag der Anmeldung: 
07.06.1995 Patentblatt 1995/23 

(73) Palentinhaber: 
MAX-PLANCK-GESELLSCHAFT ZUR 
FORDERUNG DER WISSENSCHAFTEN E.V. 
14195 Berlin (DE) 

(72) Erfinder: 

* GRUBS, Peter 
D-37085 Gottingen (DE) 

• MAULBECKER, Catharina 
CH-8044 Zurich (CH) 

(74) Vertreter: 

Bdhni, Brigttte, Dipl.-Chem. Dr. et al 

PatentanwSlte 

Welckmann & Partner 

Postfach 86 08 20 

81635 Munchen(DE) 



CD 

CO 
CM 
O) 

in 
ir> 

CD 

o 
Q. 

LU 



(56) Entgegenhaltungen: 
WO-A-91/09974 



WO-A-92/13949 



• CHEMICAL ABSTRACTS, vol. 118, no. 13, 29. 
Mdrz 1993, ColumtHJS, Ohio, US; abstract no. 

1 17821 q, & BIOCHEM. SOC. TRANS. Bd. 20, Nr. 1 
, 1992 Selte 29S J.M. FEATHERSTONE ET AL. 
•ISOLATION OF A GENE FROM XENOPUS 
BOREALIS CONTAING A PAIRED BOX.' 

• MEDLINE AN=92001 534 (KARLSRUHE) & MECH. 
DEV. Bd. 31, Nr. 1 , mrz 1991 SeHen 29 - 41 
OPSTELTEN DJ. ET AL. THE MOUSE 
HOMEOBOX GENE, S8, IS EXPRESSED DURING 
EMBRYOGENESIS PREDOMINANTLY IN 
MESENCHYME.- 

• PROCEEDINGS OF THE NATIONAL ACADEMY 
OF SCIENCES OF USA Bd. 89, Nr. 11 , Februar 

1 992 , WASHINGTON US Selten 1 1 79 - 1 1 83 G. R. 
DRESSLER ET AL •PAX-2 IS A DNA-BINDING 
PROTEIN EXPRESSED IN EMBRYONIC KIDNEY 
AND WILMS TUMOR.' 

• DATABASE MEDLINE US NATIONAL LIBRARY 
OF MEDICINE (NLM), BETHESDA, MD, US 
AN=92120664 & GENOMIC:S Bd. 11, Nr. 2 , 
Oktober 1991 Seilen 424 - 434 C. WALTHER ET 
AL. -PAX: A MURINE MULTIGENE FAMILY OF 
PAIRED BOX- CONTAINING GENES.* 

' NATURE Bd. 360, Nr. 6399 , 5. November 1992 , 
LONDON GB Seiten 87 - 89 S. KRAUSS ET AL. 
'ZEBRARSH PAX B IS INVOLVED IN THE 
FORMATION OF THE MIDBRAIN-HINDBRAIN 
BOUNDARY.* 



Anmerkung: Innerhalb von neun Monaten nach der Bekanntmachung des Hinweises auf die Erteilung des 
europaischen Patents kann jedermann beim Europaischen Patentamt gegen das erleiHe europaische Patent Einspruch 
einlegen. Der Einspruch ist schriftlich einzureichen und zu begrOnden. Er gilt erst als eingelegt, wenn die 
Einspruchsgebuhr entrichtet worden ist. (Art. 99(1) Europaisches Patentubereinkommen). 

Primed by Xerox (UK) Business Servioes 



EP 0 655 926 B1 



Beschreibung 



; Tumorengeeignetist ^ „;rfhaifen «ielen eine wichtige Rolle bei der ErtwicWung von welzelli^^^ 

Proleine. die eine HomOobox ^^^-^'f^^f^^^^Z^ durch die HortiOoboxproteine die genaue raumliche 
tern Gewebe. Man nimml an. dalJ die transkriptronale "^""f °" f "'^^^^^ E;^ryo koordiniert Aus der Ute- 
u^SoheAbfo.gevonWachstun. u,^ DIffe^^^^^^ C. Blatt. D. Aberdam. a 

ratur (sie z. B. K. Kongsuwan. J. M. Adams. Nucleic ^""^il^-J' ^ .^^ 186-189; T. H. Babbitts Cell 647 

,a Sh^rS. L. Sachs. EMBO J. 7 (1988). '^^^-'l^^^^'^'^S^^T ! St. S^F wliKinson. MOD34 (1991). 
0991) 641-644; A. W. SasaW. J. Doskow. C. L. Macleod. ^^J^^'^^^^^^ „ Zusammenhang stehen. 

ist beKannt. daB einige ""-^--tnl^Llrs^^^^^ ^^J"^ 
Eine Multigenlamilie. die gemeinsam^nseme^t^^^^ Organismen im Zusammenhang. Die von der 
mnderEn1v«cldungskonlrolleundderGCT.ebesp^rfrt^^^^ Treismann. E. Harris. C. Desplan. 

,5 ■Paired"-Box kodierte "Paired"-Domane steirt e.ne ^J^-J'-J^;^™ oeutsch, M. Goulding. P. Grass. Cell 66 
Genes. Dev. 5 (1991), 594-604; G. " "^^^^^^^ wieS^Dro^phila. Maus. Schildkr«e. Zebrafisch Nema- 

. "1:^ermedizinischenPorsch.ngwe.^g^^^^^^^ 

scrwt dTBreSg^^^^^^ - — - -^-^ ""^^^ 

geeignetist. Verfahren zur Herstellung eines Mittels zur Tumordiagnostk 

oderr~rp"rh:^^^^^^^ 

(a) mindestens eine NuWeinsaure. die mit einem Pax-Gen hybridisiert. 

SSnllle^nineTA:™^^^^ 

gegebenen1aHsn.1pharmazeu«s^ub^h^Tr.g«^^^^^ 

Uberraschendenveisewurdef^tgestem daB P^^ Ontoproteinen WassHiziert werden kOnnen. 

SgCL^^rwrsrrn=^^ 

Das nach dem eriindungsgemaCe Verfahren Wteme J^^^^;"^^^^^ NuWeinsaure. die mit einer f Or 

rS-pror^^::Jrss»^ 

sche Bestimmung der Expression d^ i^^^!^" J^J^J^H^^Hst jedoch auch als Antisense-NuMeinsaure zur 
n^nrSSr^ungsgem^BenVer^ren.^^^^^^^ 

therapeutischen Behandlung mindestens "T^'^^'^^j;;,";^^^^^ Bedingungen" an ein Pax-Gen. 

geht. Vorzugsweise hybridisiert d.e ^^inungsgen^l^ N^«"^^«^^^^^^ Bedingungen definiert. die eine seleWive 
Itringente Bedingungen im ^-e^er -ri.eg^^^^ oder mehrere Pax-Gene oder Pax-Tran^ 

und nachweisbare spezifsche Bindung der NuWeinsaure an einoe bedeutel vorzugsweise. daB nach 

skripte ermeglichen. Eine derartige HybrKlis^ung "Jer Jrn^9^^en B«i.ngungen ^^^^^ a„schlieBendem 
, einer Hybridisierung bei 68° C 1^^^^^^ 

ger draSche Hybridfeierungs- od-'^^^ri^^'SSeTeli'SShe oder diagnostische Mittel enthalt vor- 
' Das nach dem erfindungsgemaBen Ve^ahren her^e^^ ^^^^^ NuMeolidse- 

, zugsweise als Wiri«ubstanz '^^^^.^Z^''^ZS^TaSS)o^r^^^ (b) ""ler stringenten Bedingungen 

mentare NuWeotidsequenz umfaBt. 
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BeiSQis! 

I.UntersuchlePax-Proteine ^ einem mutagenisierlen Pax-Pro- 

,ein (Un) untersucht. In Abb- dung 1 «hema^^ ^ 

dungsmolive sind durch "^'od^*^ HomOodomane. Die Punktmutaton von G zu A .n AminosSu- 
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2. Transtormationstest /Anderson et at.. J.Biol.Chem. 264 

ai Anticancer Res. 11 (1991). V ^„ " urtpmSchocklOrdie Zellenausg^^^ 



3.ErgebnissederTranstorniationslesls p „.~„en oezeigt Die linke Spalte 

t^,eKontro..eentha.mpSV^J^^^^^^^^ 

Die verschiedenen pCMV-Pax EMwes 0,6 %. 0.9 % und 1 .2 % W^'*^*'^^?' rllnrieBtens 2 mal durchgeiohrt. 
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Tabelle 1 



Transfizierte DNA 



Weichagar-Tesl 





0,6% 


pCMV 


-+ 


pSV 


++ 


Pax-1 


++ 


Un 


-+ 


Pax-2 


++ 


Pax-3 


++ 


Pax-6 


++ 


Pax-8 


1 



1.2% 



Focus-test 



Tumorigenizitat Anzahl 
von Injektionen/Anzah! 
von Tumoren in Nacklmau- 
sen 



+ 
+ 

+ 
+ 
+ 
+ 



5/0 

6/6 

6/6 

6/1 

6/6 

6/6 

6/4 

6/6 



55 



Die Ergebnisse in Tabelle 1 zeigen das o-^^^^fr^l^X^^^^Zv unterschiedlichen Konzentralio. 
Tesl^er d?e urnerschiedlichen Pax-Proteine^^^^^^ 
nenzeigt,kanndasWa*slumderanstjge«JenW«^^^^^ 

Tumoren in Beziehung gesetzl werden. Pax-6- bzw. Pax-S-Protein expr.rn.erten^ 

W^chagar und mehr kein W&chstum. Zellen. f ^^^^Vj!^J,sen Ein Wachstum in diesom halbfesten Med.om 
tonmenhingegenbeiKonzentrattonenbiszul 2% 

zeigl. daB die Pax-Proteine den ^^"^l^^^^^^.^^^^^^^^ zJlen nicht in der Lage. wie dutch das Fehlen 

mutierte Un-Prolein war zu einer J'^r-TvTchag ersichtlich isl 

Tumore waren fesl und verkapselt. K„„,nhrt urn die Fahigkert der Zellen zur Oberwindung der KonlaW- 

Wenerhin wurde ein Mett^V'-^f "-^^l fj^m^^^^^^ nach Transfektion durchgefOhrt. ^"en. 

hemmung zu beslimmen. DIeser Test wurde 2 "'J'^^^ nichl transformierte Zellen zu Obenwachsen. 

She d^ transformierende DNA ^^^SHTden m« ^Sene^^^^^ " fr" 

was in dunkel marWerten ZelHoci ^^'^^J'^" '"J^chtt ^^^^^ der negativen Korrtrolle pCMV transform.er- 

Kor*ollemitpSV-dieBildungvonZe«foab«^^^^ 

ten Zellen und in den nicht iransformierten Zellen l2°8 unot^ geiatbten Foci im Methylenblau-Test bei 

Die Ergebnfese des Weichagar-Tests J-^-^^^^^^ die lunktionelle ■Paired"-Domanen enthal- 

208- und NIH 3T3-Zelltransfeklionen unter Verwendung von Pax rroie 
fen urS der Tumorentstehung in der NacWmaus .m E.nMang. 
4 1mmunologischerNachweisderPax-ExpressionintransfiziertenZellen 

^.dennachPun«2,.n.iziertenN|H3T.u^^^^^^^^^^ 
rM\Zi mm 531-535) Gesamuellextrakte hergestellt ^ac^ Bestimmung ^^^^ 
Slgderz\«ajeinen,12,5%SD 
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pSc I . Pax-2, Pax-3 ond Pax-6 ermOgKc^^ eine Besta.gung ^^^^^^^^^ ^ dem Begenbogen- 

dadurchgekennzetehnet, 
daBrT«neioeWrksubs»anz,d.e 

X ' em Pax-Gen hybndisieri, 
" ^....-u.Ve.ono.gs.- 



^itpharmazeutisch OblichenTrager-. HiHs- 
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30 



35 



40 



gegebenenfalls 

VerfahrennachAnspruch 1. Pax-Gen hvbridiaert. 

Verfahren nach Anspruch 2. Pax-Protein kodierende 

Verfahren nach Anspruch 2 oder 3. .^-.nosauren 1 bis 74 einer "Paired"- 

dadurch geKennzelchnel, ^^^^^ enthait. die (a) eine .Or aus (a) oder/und (b 

-reSS^c^s^:^^^^^^ 

verfahrennache.nemderAnspr0che2bis4. ;,^nosauren 5bis 19. 35bis 41. 68bis 

dadurch gekennzctehnet. ^rthait. die (a) eine for d.e ^"^'^J^ einen Teil davon. (0 

daB das Mittel mindestens ^"^^ ^^^^^^,^'.Oorr^n^ kodlerende N"W«'*'^^"^e;;^e NuWeofidsequenz 
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8 ver1ahrennacheinemderAnspr0che2bis7. 
dadurch gekennzelchnet, 

daB die NuWeinsSoro eine om isl 

9 ver1ahrennacheinemderAnspruche2bis7. 



ni. verfahrennacheinemderAnsprOche2b.s9a.sAn 

12 VerfahrennachAnspruchi, 
' TZ^Zr::'^!^^^^ -indestens .n Pax-Protein enth.ft 

13. VerfahrennachAnspruch12, 1 Pax-2 Pax-3. Pax-4. Pax-5, 
dadurcn gekennzetchnel. ^ bestehend aus Pa^^-^^^^ ^^ 

daB das Mi«e. mindestens ^^^^^^^^^^^s^S, Pax neuro and Pox meso. enthan. 
20 Pax-6, Pax-7. Pax-8, HuPI . HUK^. nuf" ■ k 

14. VeriahrennachAnspruch l. e,^,«n oder ein Derivat davon ent- 
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15. Vertahren nach Anspruch U. ^ p^^.g^ 

dadurch gekennzeichnet. pax-Proteine aus der Gruppe. ^^^f^^p^^^^ ist. 

daB der AntikOrper ^e^en e.n "^^^^^^^ ^^^^3 bsH9. Pox neuro ur^i Pox meso g 
Pax-4, Pax-5, Pax-6, Pax-/, rax o. 

16 Verfahren zur in vitro Diagnostik von Tumoren. 
dadurch gekennzeichnet. 
daB man eine Wirksubstanz. die 

,a)mindes,ens.neN..einsaur.dier.teinemPax-Genh^^^^^^^^^^ 
40 verwendet. 

3. Process as claimed in claim 2. 



50 



55 



7 



EP 0 655 926 B1 

wherein . ^- . «.h<^nce at least one nucleic acid which .^^P^^f^/f.^^^^^ a 

nudeic acid from (a) or/ana \ i 
(c). 

4. Process as claimed in claim 2 or 3. rodina for the amino acids 

or/and (c). 

5. process as claimed in one Of the claims 2 to 4. ,„ce coding for the amino acids 

We'^'" . no micleic acid wWch comprises (a) a nudeotde sequence coa^^^ m a nudeoMe 

^ 6 Process as claimed in claim 2 or 3, 

of genes comprising Pax-1 , Pax-^. 
BSH9, Pox neuro and Pox meso. 
8. Processasclaimedinoneoftheclaims2to7. 
wherein 

the nucleic acid isaONA. 
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35 9 Process as Claimed in one Of the Claims 2 to 7. 

T^:^. ac« is a RNA whK:h is modr.ed « desired 



• ^- „n.oftheclaims2to9asamolecu.arprobeintumourd.agnosucs. 

::;r:r:::::^^^»'»"— ----- 

1 2 Process as claimed in claim 1 . 
, re'gtntcontainsatleastonePaxproteinastheactives^tance. 

13. Process as claimed in claim 12. ^ Pax-5. Pax-6. 
wherein « p»v nrniein from the group comprising Pax-1, Pax-«:. ra* . 

14. process as daimed in daiml. „.„.pin or a derivative thereof. 

15. Process as daimed in claim 14. 
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4. Pax-S. Pax-6. Pax-7. Pax-8. HuPI . HuP2. Hup48. prd. BSH9. Pax neuro and Pox meso. 

16. Process for the in vitro diagnostics of tumours, 
wherein 

an active substance is used-which contains 

(a) at least one nucleic acid which hybridizes with a Pax gene 

(b) at least one Pax protein or/and 

(c) at least one antibody against a Pax protein or 



a derivative thereof. 
Revendications 

que. une substance active qui contient 

(a) au moihs un acide nucl6ique qui s-hybride avec un g6ne Pax, 
20 (b) au moins une prot6ine Pax et/ou -aj ,^ 

(c) au mdns un anticorps centre une prot6ine Pax ou un d6nv6 de ceiu-c 

2. Proc6d6selonlarevendicatic.1carac,6ris6encequei'agentcon.ientcommesubstanceactiveau^^^^ 

nucl6ique qui s'hybride avec un gfene Pax. 

une sequence nucl6otidique compl6mentaire rfun aerie nucl6.que de (a), (b) et/ou (c). 
Proc^. seion ,a re.endica«on 2 ou 3 <-r..^^^^^^^:^r\ it^ dZlne" "ifc^"^^^^^^^^^^ 

^rirune^^^rcT^^^^^^^ 

e?u i) 1 (d) une sequence nucl^otidique compl6mentaire d'un aerie nuci&quede (a), (b) et/ou (c). 
Proc^. selon iune des revendicaik,ns 2 . 4 ca.ct.rfe. - - ^-jj,^^^^^^^ 

qui comprend (a) une ^^-"-.-^^J^^tc:;:^^^^^^^ s'hybrrie dansdes 

:;n=.\rsS^"rrun"aS 

40 acide nud6ique de (a), (b) et/ou (c). 

6. Proc6d6 selon la revendication 2 ou 3 caract6ris6 en ce que I'agenl contient des sequences nucl^otriiques du 
domaine non conserv6 d'un g^ne Pax. 
,s 7 Proc6d6 selon Tune des revendications 2 J. 6 caract6ris6 en ce que Pagent contient au rnoi^ '^J'Tp^f^. 

8. Proc6d6 selon Tune des revendications 2 ^ 7 caract6ris6 en ce que PacWe nudSque est un ADN. 
" 9. Proc^6 seion I'une des revendications 2 , 7 caract6ris6 en ce que l acide nucl6ique est un ARN 6ventuel.ement 

modifi6. 

1 0. Proc6d6 selon I'une des revendications 2 ^ 9 comme sonde mol6culaire dans le diagnostic des tumeurs. 

11. Proc6d6selonrunedesrevendications2^9comrneaddenucl6iqueantisenspournnhtoition^ 
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5. 



que. 
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12. Proc6d6 selon la revendication 1 caract6ris6 en ce que I'agent corrtient au moins une prot6ine Pax comme subs- 

tance active. 

13 Proc6d6 selon la revendlcation 1 2 caract6rls6 en ce que fagent cortlent au moins une prot6ine Pax du groupe con- 
en P«-T. Pax-2. Pax-3. Pax-4. Pax-S. Pax-6. Pax-7. Pax-8. HuPI. HuP2. Hup48. prd. BSH9. Pox neuro et 

Pox meso. 

14. Proc6d6 selon la revendlcation 1 caract6ris6 en ce que l agent contient comme substance active au moins un anti- 
corps centre une prot6ine Pax ou un d6riv6 de celui-ci. 

1 5 Proc6d6 selon la revendlcation 14 caracl6ris6 en ce que ranticorps est dirig6 centre une ou plusieurs prot6in^^ 
dl^rtipe cSJsL en Pax-I. Pax-2. Pax-3. Pax-4. Pax-5. Pax-6. Pax-7. Pax-8. HuPI. HuP2. Hup48. prd. BSH9. 

Pox neuro et Pox meso. 

15 16. Proc6d6 pour le diagnostic in vitro de tumeurs caract6ris6 en ce que I'on utilise une substance active qui contient 

(a) au moins un acide nucl6ique qui s'liybride avec un g6ne Pax. 

(b) au moins une prot^ine Pax et/ou 

(c) au moins un anticorps contre une prot6ine Pax ou un d6riv6 de celui-a. 
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The present inventton concerns a process for tAe 
production of a new therapeutic or diagnostic agent 
which contains at least on^ nucleic acid as the active 
substance and is particularly suitable for the in vitro 
diagnosis of tumours.. 

Proteins which contain a homeobox play an important role 
in the development of multicellular differentiated 
tissue* It is assumed that transcriptional regulation by 
the homeob05C protein3 coordinates the exact spatial and 
chronological sequence of growth and differentiation in 
the developing embryo, it is known from the literature 
(see e.g. Kongsuwan, J*M. Adams, Nucleic Acids Res. 

17 (1989) ^ 18B1-1891; C. Blatt^ D, Aberdam, R* Schwartz, 
L. Sachs, EMBO J. 7 (1968), 42B3-4290; C. Blatt, Cancer 
Cells 2 (1990), 186-189; T-H, Rabbitts Cell 647 (1991), 
641-644; A.W. Sasaki, J- Doskow, C.L, Macleod, M,B* 
Rodgers, L.J. Goudas, m.f. Wilkinson, MOD34 (1991) , 155- 
164) that some genes containing a homeobox are connected 
with oncogenesis. 

A roultigene family which has a common conserved, sequence 
motif/ the "paired" -box, is also connected with 
developmental control and tissue specificity in various 
organisms. The *'paired" domain coded by the "paired" box 
represents a DNA-binding domain (J. Treisman, Harris, 
C. Desplan, Genes, Dev. 5 (1991), 594-604; 6. 
Chalepakis, R. Fritsch, H- Fickenscher, O- Deutsch, M. 
Goulding, P- Gruss, Cell 66 (1991), 873-834) and has 
been identified in various organisms such as pro3ophila, 
mouse, tortoise, zebra fish, nematodes and humans. There 
has not yet been known to be a connection between the 



"paired" domain and oncogenesis. 

Great efforts are roade in medical research to provida 
new tlierapeutic and diagnostic: agents related to th© 
developm&nt of tiaTnours. The object of the present 
invention was to provide a new agent which is 
particularly suitable for the diagnosis and therapy of 
tumours - 

The object according to the invention is achieved by a 
process for the production of an agent for tumour 
diagnostics or/and tumour therapy which is characterized 
in that an active substance* which contains 

(a) at least one nucleic acid which hybridizes with a 
Fax gene 

(b) at least one Pax protein or/ and 

(c) at least one antibody against a Pax protein or a 
derivative thereof 

is formulated, if desired together with cominon 
pharmaceutical carrier substances, auxiliary substances 
and diluents* 

Surprisingly it was found that Pax proteins, i.e. 
proteins which contain the ''paired'' domain, can projpote 
oncogenesis and can therefore be classified as a new 
group of strong oncoproteins which induce cell 
proliferation^ anchor- independent growth and 
angiogenesis. It was found that cells transformed with 
Pax genes exhibit all the classical signs of laalignancy 
such as e.g. contact inhibition in the focus assay, 
growth in soft agar and tumour induction in the naked 
mouse . 

The therapeutic or diagnostic agent produced by the 
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inventive process can therefore be used as a moleculair 
probe in tumour diagnostics since the use of a nucleic 
acid which hybridizes with a nucleotide sequence coding 
for a Pax protein enables a qualitative and 
quantitative, cell-specific and tissue-specific 
deterraination of the expression of the respective Pax 
gene. 

However, the agent produced by the process of the 
invention is also suitable as an antisanse nucleic acid 
for the specific inhibition of the expression of genes 
which contain the Pax sequence and is thus also suitable 
as a therapeutic agent. 

For a diagnostic test or/and for a therapeutic treatment 
an agent produced by the process of the invention must 
contain at least one nucleic acid which binds to a Pax 
gene. The nucleic acid according to the invention 
preferably hybridizes under "stringent conditions" to a 
Pax gene. Stringent conditions within the meaning of the 
present invention are defined as those conditions that 
enable a selective and detectable specific binding of 
the nucleic acid to a particular Pax gene or to several 
Pax genes or Pax transcripts. Such a hybridization under 
stringent conditions preferably means that binding of 
the probe to the Pax gene or to the Pax HNA is still 
detectable after a hybridization at 68*^C in an aqueous 
solution or at 42* C in 50 % formamide and subsequent 
washing of the filter at 6S^C in an aqueous solution. It 
may, however, be necessary, when using shorter nucleic 
acids as probes to use less drastic hybridization or/and 
washing conditions • 

The therapeutic or diagnostic agent produced by the 
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process of the invention preferably contains aa an 
active substance at least one nucleic acid which 
comprises (a) the nucleotide sequence coding for a Pax 
protein, (t>) a part thereof, (c) a nucleotide sequence 
hybridizing under stringent conditions (see above) with 
a nuclotc acid from (a) or/and (b) or (d) a nucleotide 
sequence compleroentary to a nucleic acid from (a) , (b) 
or/and (c) . 

If it is desired that the nucleic acid according to the 
invention should originate from a conserved region of 
the Pax gene, i.e. from the nucleotide sequence coding 
for the "paired" dotaain, it is preferable to use a 
nucleic acid which comprises (a) a nucleotide sequence 
coding for the amino acids 1 to 74 of a "paired" domain, 

(b) a part thereof, (c) a nucleotide sequence 
hybridizing under stringent conditions with a nucleic 
acid from (a) or/and (b) or (d) a nucleotide sequence 
complementary to a nucleic acid from (a), (b) or/and 

(c) . 

in a further preferred embodiment for the above purpose 
the agent produced by the process of the invention 
contains at least one nucleic acid which comprises (a) a 
nucleotide sequence coding for the amino acids 5 to 19, 
35 to 41, 68 to 74, 95 to lOO or/and 115 to 120 of a 
"paired" domain, (b) a part thereof, (c) a nucleotide 
sequence hybridizing under stringent conditions with a 
nucleic acid from (a) or/and (b) or Cd) a nucleotide 
sequence, complementary to a nucleic acid from (a) , (b) 
or/and (c) . 

The aforementioned nomenclature for the amino acids 
complies in this case with the publication of Walther et 
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al.. Genomics 11 (1991), 424-434 in particular Figure 2 
which hereby becomes by reference a part of the 
description . 

If it is, however, necessary to specifically detect or 
inhibit a single Pax gene, it is expedient to use a 
nucleic acid with a nucleotide sequence from a non- 
conserved region of the respective gene i.e. preferably 
from the region which does not code for the "paired" 
domain . 

The agent produced by the process of the invention 
contains a nucleic eicid which is derived from any 
desired Pax gene. Examples of suitable Pax genes are 
Pax-l (Deutsch et al.. Cell 53 (1988), 617-625), Pax-2 
(Dressier et al.. Development 109 (1990), 787-795; 
Nornes et al.. Development 109 (1990), 797-809), Pax-3 
(Goulding et al., EMBO J. lO (1991). 1135-1147), Pax-4 , 
Pax-S and Pax-6 (Walther et al- (1991), supra), Pax-7 
(Jostes et al., MOD 33 (1990), 27-38), Pax-8 (Plachov et 
al.. Development 110 (1990), 643-651), HuPl, HuP2 , HuP48 
(Burri at al-, EMBO J, 8 (1989), 1183-1190), prd, BSH4 
and BSH9 (Bopp et al.. Cell 47 (1986), 1033-1040) and 
Pox neuro and Pox meso (Bopp et al., EKBo J. 8 (1989), 
3447-3457) . The aforementioned literature references 
become by reference part of the description. Human- Pax 
genes are particularly preferred. 

The nucleic acid in the agent produced by the process of 
the invention is - depending on the requirement - 
preferably an unmodified or modified DNA or RNA. The 
length of the nucleic acid also depends on the 
respective area of application. 
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If trie agent produced by the process of the invention Is 
used as a molecular probe in tumour diagnostics, it is 
preferably a DNA probe with a length of 10 to 100 
nucleotides, preferably 12 to 50 nucleotides. 
:Furtheriaore it is preferred that the nucleic acid 
carries a radioactive or non-radioactive label whicb 
serves to detect the binding to a Pax gene. 

When the agent produced by the process of the invention 
is used as an antisense nucleic acid to inhibit gene 
expression, it is preferably a RNA which, if necessary, 
can contain modified bases in order to increase its 
stability in the body to degradation by ribonucleases. 

The application of the agent produced by the process of 
the invention as a molecular probe or /and as a 
therapeutic agent for the inhibition of gene expression 
is carried out in a manner known to a person skilled in 
the area of molecular biology. 

The invention in addition concerns a therapeutic or 
diagnostic agent produced according to the process of 
the invention which is characterized in that it contains 
at least one Pax protein as the active substance. The 
Pax protein is preferably selected from the group 
comprising Pax-l, Pax-^/ Pax-3 r Pax-4 , Pax-5, Pax-6, 
Pax-7, Pax-8, HuPl, HuP2, HuP48, prd, BSH4 , BSH9 , Pox 
neuro and Pox meso. The amino acid sequence of these 
proteins is shown in the aforementioned publications 
which were mentioned in connection with the nucleic acid 
sequence. Human Pax proteins are particularly preferred » 

The agent produced by the process of the invention is 
preferably used in txamour diagnostics or/and tumour 
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Yet a further subject matter of the present invention X3 
an in vitro diagnostic method which is characterized in 
that it coxitains at least one antibody against a Pax 
protein as the active substance. Antibodies are 
preferred which are directed towards one or several Pax 
proteins from the group comprising Pax-1, Pax-2, Pax-3 , 
Pax-4, Pax-5, Pax-6, Pax-7, Pax-8, HuPl, HuP48, prd, 
BSH4, D5H9, Pox neiiro and POX meso. Antibodies against 
human Pax proteins are particularly preferred. 

The antibodies according to the invention are preferably 
monoclonal antibodies which are obtainable in a well- 
known manner by iihe Kohler-Millstein method by 
immunizing an experimental animal, preferably a mouse, 
with the appropriate Pax protein or/and a mixture of Pax 
proteins, isolating antibody-producing B call* or spleen 
cells from the immunized experimental animal and 
subsequently fusing the antibody-producing cells with a 
suitable leukemia cell to produce hybridomas- Examples 
of suitable antibodies are Pax-1. Pax-2 and Pax-6 
antibodies (Fig. 2) - 

The antibodies according to the invention can be 
preferably used in vitro or/and in vivo as agents in 
tumour diagnostic» or /and tumour therapy. In this 
connection the antibodies can also be used as fraginents 
(e.g. Fab or FCab)^ fragment^) and if desired, coupled 
to a detectable group (enzyme, fluorescent marker, 
radioactive marker, nuclear resonance marker etc.) or to 
a toxin (e.g. rtcin, diphtheria toxin etc.). The 
production of such antibody derivatives is carried out 
in a manner well-known to a person skilled in the area 
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of itatotinology Ce*g. by covalent coupling via a bi- 
functional linker) - 

The following example serves to further elucidate the 
invention in conjunction with Fig. 1 and 2. 

Fig. 1 shows the scheinatic structure of the examined Pax 
proteins Pa5c-i, Pax-2, Pax-3 , Pax-6 and Pax-8 and of the 
iQutagenized Pax protein Un. 

Fig* 2 shows Western blots of cell extracts expressing 
Pax protein after incubation with specific antibodies 
and enzymatic detection of the antibody-protein binding. 

Example 

1. Examined Pax proteins 

The effect of the proteins Fax-l, Pax-2, Pax-3, Pax-6 
and Pax-8 and of a mutagenized Pax protein (Un) was 
examined. The achematic structure of these Pax proteins 
is shown in Figure 1. The conserved domains within the 
proteins are shown as bars which also give their 
approximate positions within the open reading frames. 
Pax-i is the only Pax protein which is known to have a 
complete absence of the homeodomain^ Pax-3 and Pax-6 
contain complete homeodomains in addition to the 
"paired" domain. Both DKA binding motifs are separated 
from one another by at least 100 amino acids. The 
proteins Pax-2 and Pax-Q only contain 23 amino acids of 
the a helix of the homeodomain. The point mutation of G 
to A in the gene coding for the Un protein is 
characterised by the resulting exchange of Gly by Ser. 
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The nucleotide ana amino acid sequences are disclosed by 
Deutsch et al. (Cell 53 (1988), 617-625) for Pax-1, by 
Dressier et al. (Development 109 (1990) , 737-795) for 
Pax-2, by Goulding et al. (EMBO J. 10 (1991), 1135-1147) 
for Pax-3, by Walther and Gruss (Development 113 (1991), 
X435-1439) for Pax-6 and by Plachov et al., (Development 
110 (1990), 643-651) for Pax- 8 . 



2 . Transformation test 



The Pax c-DNAs were inserted into the multiple cloning 
site of the vactor pCMV5 (Anderson et al., J. Biol, 
Chem. 264 (1989), 8222-8229). These constructs were 
cotransfected together with pGKneo as a selectable 
marker (Soriano et al. , Cell 64 (1991), 693-702) in 208 
cells and NIH 3T3 ceils. The 2 08 cells were cultured in 
DMEM (Biochroma) with addition of 10 % foetal calf serum 
(Boehringer Mannheim) . The NIH 3T3 cells were cultured 
in DMEM containing 5 % new-born calf serum (Boehringer 
Mannhsim) . 2 fig of the respective pCMV-pax expression 
plasmid was transfected together with 1 ftg pGKneo and 
7 ng carrier DNA on 70 % confluent single cell layers of 
a 100 im tissue culture plate using the calcium 
phosphate method with modifications (Weber and 
Schaffner, Nature 315 (1984), 75-77). The transfected 
cells were divided into three groups after 24 hours. One 
group was allowed to stand for 2 to 4 weeks depending on 
the beginning of focus formation. Afterwards the cells 
were stained with a few drops of glutar aldehyde (Sigma) 
and with 1 % methylene blue (Sigma) in water. The tissue 
culture plates were rinsed with water and the foci were 
counted. 



It 
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A further third of the cells were either sown out in 
0,6 %/ 0,9 % or 1.2 % soft agar as describea by Fidlev 
et al!. Anticancer Res. 11 (1991), 17-24. The remaining 
third was selected for DNA uptake by addition of G418 
(Gibco) 24 hours after the shock for the cells. In tht-» 
case of the 2 08 calls, 0.4 ing/1 G418 and in the case or 
NIH 3T3 cells 0-6 mg/ntl G41S was added. The 
morphologically transforined foci were picked out and 
subsequently cultured. These cell isolates were 
propagated by continuous incubation in the selection 
medium and used for expression analysis and the 
transf oirmation tests. 

• 3. Results of the transformation tests 

The results of a transformation of 208 cells with Pax 
proteins is shown in Table 1. The left column lists thu 
DNAs which were introduced into the cells. pCMV denotes 
cells which only contain a pCMV construct as a negative 
control, pSV is the T antigen (SV40 virus) expression 
construct used as a positive control. The various pCMV 
Pax expression constructs are indicated by the name of 
the pax protein which they express. The growth of the 
cells was tested in 0.6 %, 0.9 % and 1.2 % soft agar. 
The cell colonies were counted 2 to 3 weeks after 
plating. The experiments were carried out at least twi.:.. 
for each cell type- + denotes growth in soft agar, - 
denotes no growth, +- denotes contradictory results in 
two experiments. 

Tha next column lists whether the corresponding 
transformed cells were able or not to induce a focus 
formation when mixed with normal 208 cells. This mix 
experiment was carried out twice. 
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The last coluno. sl,ow« i.he nuonber of injected naked mice 
and the number of -injections which led to tumour 
formation- ^or this male naked NMRX ^ice * 
weexs were injected .uhcutaneous ly xn the fl«nK w.th x 
to 5 X 105 transformed cell^. The cells were trypsxnxzed 
and washed twice with phosphate-huff ered 

before injeation in order to exclude stimulating effects 
from the serum. The anim^lB were examined on a weekly 
basis for a maximum of three months for the formation of 



Table 



TranBfectea Soft agar Focus Tu^origenicity^^^^^^^ 

DNA test number of tumours in 



naked mics 



0.6% 0.9% 1-2% 1 

5/0 

pSV +"»• 

Pax-X "^"^ _ 6/1 

Pax-2 +1 II 6/6 

Pax-3 ++ T. + 6/4 

:: :: t we 

Pax- 8 ++ 

The results in Table 1 show the oncogenic potential of 
pax genes and of the ..paired" domain. In the ^^^^^ 
Shows the clones expressing various Pax proteins in soft 
agar at different concentrations, the growth 
increasing concentrationn of soft agar can be related to 
the probability of the occurrence of tumours. Cells 
which only contained the pCMV expression vector showed 
no growth in 0.6 % soft agar or »ore. Cells whxch 
expressed the Pax-l, Pax-2, Pax-3, Pax-6 or Pax-8 
protein could in contrast grow at concentratione of up 
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to 1,2 % soft agar. Growth in this seTRi-&olid laediuiri 
shows that the Fax proteins impart the cells with the 
ability for anchor-independent growth- The mutated XJn 
protein was not able to completely transform these cells 
which is apparent from the absence of anchor- independent 
growth at higher soft agar concentrations • 

The tumours produced by injection of pCMV-Pax expreaaion 
constructs were analyzed by standard in situ 
hybridization protocols (Goulding^ EMBo J. 10 (1991)^ 
1135-1147). The cells in the Pax tumours are spindle- 
shaped. The tumours are wall provided with vessels and 
exhibit a strong extracellular matrix production. All 
tvuQOurs were solid and encapsulated. 

Xn addition a methylene blue test was carried out in 
order to determine the ability of the cells to overcome 
contact inhibition • This test was carried out twice in 
untreated cells after transf ection. Cells which h.ad 
taken up the transforming DNA are able to grow over non- 
transformed cells which results in darkly marked cell 
foci. The formation of cell foci was observed in the 
cells transformed with Pax genes - as in the positive 
control with pSV - whereas in the cells transformed with 
the negative control pCMV and in the non*-transf ormed 
cells (208 and NIH 3T3 cells} considerably fewer foci 
were visible. 

The results of the soft agar test are in agreement with 
the occurrence of strongly stained foci in the methylene 
blue test in the case of 206 and NIH 3T3 cell 
transf ections using Pax proteins which contain 
functional "paired" domains, and with tumour formation 
in the naked mouse . 
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4. Immunological IJ^tection of Pax expression in 
transf ected cells 

Total cell extracts wars prepared from the NIH 3T3 calls 
and 208 cells transfected according to section 2 using 
known protocols (Balling et al-. Cell 55, (1988), 531- 
535) • After determination of the protein concentration^ 
50 ^lg of each cell extract was separated on a 12 . 5 % SDS 
polyacrylamide gel and transferred to an Immobilon P 
membrane by semi-dry elect ical transfer* The membrane 
was blocked in 5 % dry milk powder/phosphate-buffered 
salt solution and incubated overnight with a 1:200 
dilution of the respective Pax antibodies and developed 
with the peroxxdase/diarainobenzidins reaction (Balling 
et al.. Supra). It can be seen from Figure 2 that 
antibodies against Pax-1^ Pax-2 , Pax-3 and Pax-6; showed 
a reaction with the corresponding transfected celle^ The 
Pax-2 antibody showed a cross-reaction with Pax-8 and 
enabled a confirmation of the Pax-8 expression with the 
respective cell extracts (not shown) . The molecular 
weight of the Pax proteins was determined by comparison 
with the rainbow protein marker (Amersham) . The apparent 
molecular weight of the proteins is given in kD. 2 08 as 
well as NTH 3T3 cell extracts contained about equal 
amounts of the respective Pax proteins per 50 fxg cell 
extracts. This shows that the CMV promoter functions 
equally well in both cell lines. The Western blot of 
Pax-1 shows that Pax-1 and the mutated Un protein are 
expressed in about equal amounts* A further cell extract 
which had been prepared by transfection of cells with a 
pSV4G promoter /Pax-1 construct contained even higher 
amounts of the Pax protein. In all cases the Western 
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blot© stiowed that the control cells transfected wit3i 
pCMV produced very much less or no detectable amounts of 
protein* 
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CLAIMS 



Process for the production of an agent for tumour 
diagnostics or/and tumour therapy, 
w h e r a i " 

an active substance which contains 

(a) at least one nucleic acid which hytoridizes 
with a Pax gen^, 

(b) at least one Pax protein or/ and 

(c) at least one antibody against a Pax protein 
or a derivative thereof 

is formulated, if desired with common 
pharmaceutical carrier substances, auxiliary 
substances and diluents. 

Process as claimed in claim 1, 
wherein 

the agent contains at least one nucleic acid which 
hybridizes with a Pax gene as the active substance. 

Process as claimed in claim 2, 
wherein 

the agent contains as the active substance at least 
one nucleic acid which comprises (a) a nucleotide 
sequence coding for a Pax protein, (b) a part 
thereof, (c) a nucleotide sequence hybridizing 
under stringent conditions with a nucleic acid from 
(a) or/and (b) or (d) a nucleotide sequence 
complementary to a nucleic acid from (a), (b) 
or/ and (c) . 
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Process as claimed in claim 2 or 3 , 
wherein 

the agent contains at least one nucleic acid which 
comprises (a) a nucleotide sequence coding for the 
ajnino acids 1 to 74 of a -paired" domain, (b) a 
part thereof, (c) a nucleotide sequence hybridizing 
under stringent conditions with a nucleic acid from 
(a) or/and (b) or (d) a nucleotide sequence 
complementary to a nucleic acid from (a) , (b) 
or/ and (c) . 

Process as claimed in one of the claims 2 to 4 , 
wherein 

the agent contains at least one nucleic acid which 
comprises (a) a nucleotide sequence coding for the 
amino acids 5 to X9, 35 to 4l, 68 to 74, 95 to 100 
or/and 115 to 120 of a "paired" domain, (b) a part 
thereof, (c) a nucleotide sequence hybridizing 
under stringent conditions with a nucleic acid from 
(a) or/and (b) or (d) a nucleotide sequence 
complementary to a nucleic acid from (a) , (b) 
or/ and (c) - 

Process as claimed in claim 2 or 3, 
wherein 

the agent contains nucleotide sequences from the 
non-conserved region of a Pax gene. 

Process as claimed in one of the claims 2 to 6, 
wherein 

the agent contains at least one nucleic acid which 
contains nucleotide sequences from a Pax gene from 
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the group of genes comprising Pax-1, Pax-2 , Pax 3, 
Pax-4, Pax-5,- Pax-6, Pax-7 , Pax-8 , HUPl, HuP2 , 
HUP48, prd, BSH4, BSH9 , Pox neuro and Pox roeso. 

8; Process as claimed in one of the claims 2 to 7 . 
wherein 
the nucleic acid is a DNA. 

9. Process as claimed in one of the claims 2 to 7 , 
wherein 

the nucleic acid is a RNA which is modified if 
desired . 

10. Process as claimed in one of the claims 2 to 9 as a 
molecular probe in tumour diagnostics. 
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Process as claimed in one of the claims 2 to 9 as 
an antisense nucleic acid for the inhibition of 
gene expression. 

12- Process as claimed in claim 1, 
wherein 

the agent contains at least one Pax protein as the 
active substance . 

13. Process as claimed in claim 12, 
wherein 

the agent contains at least one Pax protein from 
the group comprising Pax-i, Pax-2 , pax-3, Pax-4, 
Pax-5, Pax-6, Pax-7, Pax-8, HuPl, HuP2, Hup48. prd, 
BSH9, Pox neuro and Pox meso. 
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14. Process as claimed in claim 1, 
wherein 

the agent contains as the active substance at least 
one antibody against a Pax protein or a derivative 
thereof. 

15* Process as claimed in claim 14, 
wherein 

the antibody is directed against one or several Pax 
proteins from the group comprising Pax-1, Pax-2 , 
PaX"3, Pax-4, Pax-i5, Pax-6, Pax-7, Pax-'S, HuPl, 
HuP2, Hup48, prd, BSH9, Pox neuro and Pox meso. 

16* Process for the in vitro diagnostics of tximours, 
wherein 

an active substance is used which contains 

(a) at least one nucleic acid which hybridizes 
with a Pax gene 

(b) at least one Pax protein or/ and 

(c) at least one antibody against a Pax protein or 
a derivative thereof - 
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